SUMMARY In 20 families with a Down's syndrome child, heteromorphism of chromosome 21 was sought in the parents and proband. Information on the meiotic division and the parent of origin was given in 16 families, the majority of errors being maternal in origin, predominantly at meiosis I, though the paternal contribution is also appreciable. Probabilities of parental and meiotic division origin are calculated. 
The first published studies tracing the origin of the extra chromosome 21 in Down's syndrome were those of de Grouchy1 and Juberg and Jones,2 who in two families where the rare 21p-Christchurch chromosome was present were able to show that non-disjunction had taken place at the second meiotic division in oogenesis. Subsequently, by quinacrine fluorescence techniques, the No 21 chromosomes were found to be polymorphic, showing inherited variants3 4 which had no abnormal effect on cell division. These techniques therefore allow the source of the extra chromosome in trisomic conditions to be traced in those matings where the chromosomes of the parents are sufficiently heterogeneous. With the refinement of technique by Overton et al,5 in which the photographic exposure for each chromosome is standardised by the use of a fluorescent illuminator and automatic exposure control, and the entire chromosome is examined in sequential prints, more heteromorphism of slighter degree can be distinguished. This technique was applied in the present study.
Material and methods
Twenty families with a Down's syndrome child were examined and blood specimens were obtained from the 20 patients, their 20 mothers, and 20 fathers. These families were a random selection from those referred for cytogenetic diagnosis or counselling during the period of the study. Permission was obtained from the family doctor to visit the family and collect the specimens. From each subject 10 ml venous blood was taken into a heparinised bottle.
Received for publication 29 December 1979 As controls for the laboratory procedures, specimens were obtained from normal subjects with no family history of Down's syndrome, consisting of 21 members of staff from this Department and 39 other normal subjects.
The specimens were cultured by the procedure standard in this Department. Ten drops of whole blood were cultured in 5 ml media with filtered fetal calf serum. Phytohaemagglutinin was used as the mitogen. The cultures were incubated at 370C for 70 hours and before fixation were treated with colcemid for 90 (fig 1) . This enabled all the features and the banding patterns of each chromosome to be fully analysed.
Since the variant regions of the chromosomes cover a wide range of intensity and size and apparently vary continuously, five levels of intensity of fluorescence are recognised (Paris Conference, 1971 ). In the present study scoring was either positive (the brilliant and intense levels) or normal (the three lower intensity levels). The variants of the chromosomes 21 were scored in detail. The short arms, stalk, and satellites vary in size, and these were each scored on a four point scale (absent, small, medium, and large). The fluorescent intensity of the short arm and satellites were also recorded.
Using this procedure it is possible in the majority of cases to distinguish between the parental chromosomes. In a given mating the chromosomes are coded abcd if four can be distinguished and abcc or acbc if three (if two are morphologically identical), and from the code the origin of the additional chromosome in the trisomic child can be inferred. In the mating ab male by cd female, if the offspring has chromosomes abc, then non-disjunction must have occurred at the first meiotic division in the father.
If the offspring has chromosomes acc, then nondisjunction occurred at the second meiotic division in the mother. Trisomy arising from post-zygotic non-disjunction with subsequent loss of the monosomic cell line cannot be distinguished from that arising in the second meiotic division.
In practice, such an ideal mating in which four chromosomes can each be identified rarely occurs. However, a limited amount of information can be drawn from all matings. For example, in the mating ab male by cc female, a trisomy acc could be produced by non-disjunction at the first or second meiotic division in the mother, but not by nondisjunction at either division in the father. However, all unions contribute information on the probability of non-disjunction at a particular meiotic division in a given parent, and only in the case where all four parental chromosomes are identical are these probabilities equal. Hence the cases in a series can be combined, provided that they are not selected, to give estimates of the probability of non-disjunction occurring in each meiotic division in each parent.6 If p is the probability of paternal origin given nondisjunction, I-p is the probability of maternal origin. If f is the probability of first division non-disjunction given maternal origin, 1-f is the probability of second division non-disjunction in the female. If f+d is the probability of a first division error given paternal origin, then 1-f-d is the probability of second division non-disjunction in the male. From these, the marginal probabilities of the four mutually exclusive types of non-disjunction can be calculated by straightforward maximum likelihood methods.
Results
The results of the investigation are set out in table 1. All families are given, whether interpretable simply or not, in order to avoid the bias that partial reporting of the data would introduce.
In nine cases the error could be definitely ascribed to one parent or another. Of these the mother was implicated in eight (for example, fig 2) and the father in one (fig 3) . The case where the male parent was definitiely involved indicated error at the first meiotic division. Where the female was the source, in four the first meiotic division was indicated, in one the second division was indicated, and in three an error at either could have been responsible. In four cases all four parental chromosomes were morphologically identical. In the remainder, although the supernumerary chromosome might have been attributed to either parent, one or more of the four possible origins could be eliminated, and so some indication of origin was given. Error at the 
It is interesting that d, the measure of sex variation in the probability of non-disjunction at a given division, is not significantly different from 0.
The parental ages are shown for the informative matings. Maternal errors definitely at first meiosis occurred at maternal ages of 22, 23, 35, and 37. The error at the maternal second meiosis occurred at a maternal age of 26. The paternal age in the first meiosis error was 24. The definite maternal errors at either first or second meiosis occurred at maternal ages 33, 41, and 26. From the small number of specimens examined, little conclusive can be expected, but the results indicate that maternal meiosis errors occur at all ages and that there is no tendency for either late or early parental age to be associated with a specific error.
Discussion
Reports of similar studies summarised in table 2 show that, as in the present series, the majority of errors are maternal in origin, predominantly at meiosis I. Studies which have given parental ages show that maternal meiosis I errors predominate at all ages.7 In the present series the ages of the parents responsible are distributed across the whole range from 18 to 41.
However, comparison of published series is not straightforward on account of the bias towards the detection of non-disjunction of events in the second meiotic division, as noted by Robinson.8 it is not yet clear whether there is sex variation in the probability of non-disjunction at a given meiotic division, and this is a key question that remains to be answered for the information it will give on the mechanisms responsible.
